The study on terrestrial arthropod communities in rice agro-ecosystems was conducted in Bathalagoda, Sri Lanka. A total of 342 arthropod species was documented comprising 282 species of insects in 90 families and 17 orders and 60 species of arachnids in 14 families. Eight taxa new to Sri Lanka are reported. Majority of the insects documented were hymenopterans, dominated by bees and ants. Based on feeding habits, majority of the arthropods recorded were predators (149 species), dominated by spiders. However, in the rice field proper, abundance of phytophagous rice pests was higher than that of predators. Density fluctuations of predators and parasitoids were positively correlated. Species richness and diversity of terrestrial arthropods increased gradually with crop age, but declined following application of pesticides. Species diversity (H') of terrestrial arthropods during vegetative, reproductive and grain ripening stages and the fallow period were significantly different. Diversity of terrestrial arthropods in the field proper positively correlated with crop age and height of the rice plant, and in field bunds with the weed cover. Findings indicate that a stable relationship could be maintained between rice insect pests and their arthropod natural enemies through minimal biocide applications and manipulation of weed cover in the rice agroecosystem.
INTRODUCTION

Origin and history of rice agro-ecosystems
Rice cultivation is thought to be the oldest form of intensive agriculture by man (Fernando, 1977) . Cultivation of the crop probably dates back to the earliest age of man and, long before the era for which there is historical evidence, rice was a staple food and the first cultivated crop in Asia (Grist, 1965) . Historical evidence indicates that both tropical (indica) and temperate (sinica) races of Oryza sativa were being cultivated in parts of China at least 7000 years ago (Chang, 1985) .
Rice has been grown in Sri Lanka from time immemorial. It is generally believed that rice cultivation in Sri Lanka was started by IndoAryan immigrants before about 540 B.C where it was probably grown as a dryland crop (Grist, 1965; Perera, 1980) . According to published sources, rice is cultivated on about 780,000 ha (Panabokke, 1996) in the island, which is approximately 12 % of the total land area. Based on the water regime, rice fields in Sri Lanka fall into three major categories; those under major irrigation schemes (41%), minor irrigation schemes (25%) and rainfed ricelands (34%) (Gunatilleke and Somasiri, 1995) . In most areas where adequate water is present, rice is cultivated during two annual cropping seasons; the Maha (October -February) and Yala (April -August) seasons. The former is recognised as the major cropping season, as it receives more rainfall from the north east monsoon producing rain throughout the island, while the latter is the minor cropping season (Panabokke, 1996) .
Arthropod communities in the rice agroecosystem
Irrigated rice fields, being agronomically managed wetland ecosystems with a high degree of environmental heterogeneity operating on a short temporal scale, harbour a rich and varied fauna (Heckman, 1979) . The fauna is dominated by micro, meso and macro invertebrates (especially arthropods) inhabiting the soil, water and vegetation sub-habitats of the rice fields. The terrestrial arthropod community in rice fields consists mainly of insects and spiders which largely inhabit the vegetation (rice plants and weeds), and the soil surface. The occurrence of terrestrial arthropods in the rice ecosystem is mainly influenced by the rice plants. The different communities of terrestrial arthropods in the rice field include rice pests, their natural enemies (predators and parasitoids) and other __________________________________________ *Corresponding author's email: cnb@iucnsl.org non-rice pest insects that inhabit or visit the vegetation. The composition of the arthropod communities is known to change with the growth of the rice crop (Heong et al., 1991) . Dale (1994) in his comprehensive account on the biology and ecology of insect pests of rice states that over 800 species of insects damage the rice plant in several ways, although the majority of them cause minor damage. Although the species composition of terrestrial arthropod pests and natural enemies in rice fields throughout the world is relatively well documented, there are only a few studies that examine the overall terrestrial arthropod community in rice fields. Among them, the work of Heong et al., (1991) and Schoenly et al., (1995) carried out in the Philippines provides an insight into the arthropod communities and their guild structure in irrigated rice fields. A pioneering study by Settle et al., (1996) conducted in Java demonstrated the existence of a mechanism in tropical irrigated rice systems that support high levels of natural biological control. In Sri Lanka, studies on terrestrial arthropods in rice fields are confined to surveys documenting the distribution of major rice insect pests and their natural enemies (Otake et al., 1976; Rajendran and Devarajah, 1990; Kobayashi et al., 1991; Kobayashi et al., 1995) , while no attempts have been made to document the structure and diversity of terrestrial arthropod communities in rice fields. Such a study carried out over successive rice cultivation cycles would provide useful information for the development of effective and safe integrated rice pest management strategies.
The overall objective of the study was to determine the contribution of the terrestrial arthropod community to the rice field ecosystem. The specific objectives were to determine the (i) species composition, structure and abundance of arthropod guilds (ii) distribution of arthropod species in different habitats of the rice field comprising the rice field proper, and bunds (iii) dynamics of the arthropod community from planting to harvest of the crop, from land preparation to fallow and in relation to agronomic practices carried out during the cultivation cycle.
MATERIALS AND METHODS
Study site
The study was conducted at Bathalagoda, in the Kurunegala district, located in the Intermediate Zone of Sri Lanka, 7°30 ′ N, 80°28 ′ E, 100 m a.s.l. elevation. The rice field surveyed (approximately 0.4 ha in extent; field proper to bund area ratio 20:1; eight rectangular plots) was managed by the Rice Research and Development Institute (RRDI) at Bathalagoda, for the purpose of producing paddy seed.
Establishment of the rice crop and associated agronomic practices
During a single year, two rice crops were established in the rice field during Yala and Maha seasons. The rice cultivar planted during the Yala season was BG -450 (duration 4 -4.5 months), while BG -38 (duration 5 -5.5 months) was planted during the Maha season. Crop establishment in surrounding fields was carried out in an asynchronized (staggered) manner. The field was harrowed and ploughed by tractor, and kept under standing water (up to 10 cm depth) for about two weeks. Irrigation water was supplied to the field from the nearby Bathalagoda tank at regular intervals (every 3-4 days) at the initial stages of cultivation. The rice crop was established by manual transplanting of three week old seedlings, at a regular spacing of 25 cm x 25 cm.
The fertilizer regime included the application of crude fertilizer (4 Kg Nitrogen + 25 Kg Phosphorous + 6 Kg Potassium) to the nursery 2-3 days prior to sowing, and Nitrogen fertilizer (4 Kg Urea) 5 -10 days after sowing. Basal application -crude fertilizer (100 Kg / ha) consisting of 4 Kg N + 36 Kg P + 45 Kg K was applied to the field 2-3 days before transplanting. At the maximum tillering stage -Nitrogen fertilizer (100 Kg of Urea per ha) was applied to the field. At the panicle initiation stage -top dressing material fertilizer (120 Kg per ha at the rate of 50 Kg N + 10 Kg K) was applied to the field. Weeds were managed in an intense manner, where the bunds were slashed manually 2-3 times per cycle, supplemented with a single weedicide (MCPA) application and manual weeding. Insecticides were applied to the rice crop at the nursery stage (Curator ® -Carbofuran) during both cultivation cycles, while a broad-spectrum insecticide was applied at the grain ripening stage, only during the Maha cycle. The fallow period between two crops was short (2-3 weeks).
Sampling of the terrestrial arthropod community
Sampling of the terrestrial arthropod community was conducted to determine species composition, abundance and distribution in the different habitats of the rice field. Sampling was conducted over a 12 month period, encompassing two consecutive rice cultivation cycles (Yala and Maha ). Sampling was carried out at fortnightly intervals, where about four hours were spent in the field on each sampling day during the morning hours (0745 -1145 h), covering each cultivation plot.
The terrestrial arthropod fauna consisting of insects and spiders inhabiting the rice field proper was sampled using a portable 'Blower-Vac' suction device (Arida and Heong, 1992) and the field bunds were sampled using a standard sweep net. For the use of the Blower-Vac in the rice field proper, a bottomless plastic bin (height: 65 cm, diameter: 51 cm, fitted with a nylon net on top) was placed at random towards the center of each plot to enclose seven rice hills (surface area 0.2 m 2 ). The arthropods within the enclosed space; on rice plants, weeds and water / ground surface were sucked in by the Blower-Vac, and flushed into a container with 70% ethanol for storage. A total of 10 random samples were obtained (using a random digits table) on each sampling day. In order to ensure a uniform capture efficiency using the Blower-Vac device, usage time per sample was increased with increasing growth and age of the rice plant. The arthropods in the rice field bunds were sampled by taking 20 sweeps from the vegetation (weeds) while walking along a 20 m bund transect (one sweep / m) at each of five randomly selected locations (using numbered paper slots) on each sampling day. Arthropods collected in 20 sweeps were immediately sprayed with an insecticide (Baygon ® ) and put into labeled plastic containers with 70% ethanol. The weed cover along the sweep netted area of the bund was assessed on each sampling day using a 5 point scoring system : 1 = Few, scattered seedlings; 2 = Low, patchy weed cover; 3 = Moderate weed cover; 4 = Dense weed cover; 5 = Saturated and widespread weed cover. A total of 190 Blower-Vac samples and 95 sweep net samples were collected during the entire study period at fortnightly intervals from the rice field. In the laboratory each sample was sorted into different insect and spider taxa and counted.
Identification of arthropod taxa and their subsequent assignment into guilds
The insects and spiders collected from the rice fields using the two methods were identified and classified into the smallest possible taxa using available keys and guides for the different taxa. Barrion and Litsinger (1994) was used as a reference for rice pests, their predators and parasitoids. The Homoptera were further classified using the keys of Wilson and Claridge (1991) . The Lepidoptera pests and non-pests were identified using Nishida and Tori (1970) and D'Abreira (1998), respectively. The Odonata were identified using De Fonseka (1997). The Araneae were identified using Barrion and Litsinger (1995) and Tikader (1995) .
The provisionally identified specimens of arthropods were confirmed by comparing with reference specimen collections held in the Smithsonian collection at the Department of Zoology, University of Peradeniya, collection at the Entomology Museum of the Horticultural Research and Development Institute (HORDI), Gannoruwa, collections at the Rice Research and Development Institute (RRDI), Bathalagoda and the reference insect collection of the National Museums, Colombo. The identity of certain specimens was further confirmed by local and overseas taxonomists. Voucher specimens were deposited at the Museum of the Department of Zoology, University of Peradeniya, Sri Lanka. Following the identification of the terrestrial arthropods collected from the rice and non-rice habitats, they were assigned to guilds (as accurately as possible) according to Moran and Southwood (1982) and Heong et al., (1991) . These guilds were based on feeding habits and included phytophages (rice pests and non-rice pest visitors), predators, parasitoids and scavengers/ decomposers.
Data analyses
Data obtained on the abundance of pests, predators and parasitoids from the rice and nonrice habitats were compared using Means and Standard Error values (SE at 95% confidence limits). The effect of different agronomic practices on the temporal abundance of different arthropod guilds was examined graphically.
The arthropod diversity and species richness in the rice field proper and the bunds were compared using ecological indices reviewed by Magurran (1988) , calculated separately for each sample (Blower vac and sweep net) on each sampling day. The mean values of the two indices obtained for Yala and Maha cycles were statistically analysed using the SAS nested GLM Procedure . Using the pooled data from the two cycles, the diversity of arthropods at the three major growth stages of the rice crop (vegetative, reproductive, ripening) and on harvest (fallow period) was analysed using the SAS Nested GLM Procedure. Correlation and regression analysis using the SAS system were carried out to determine significant relationships among (a) the density of different arthropod guilds, (b) fluctuations in arthropod diversity with crop age days after transplanting (DAT), height of the rice plant, and (c ) variation in arthropod diversity in field bunds with change in weed cover.
RESULTS
Species composition of terrestrial arthropods
A rich terrestrial arthropod fauna comprising 282 species of insects in 90 families and 17 Orders; 60 species of arachnids in 14 families constituting a total of 342 arthropod species were recorded from the rice field during the study. A detailed list of the taxa recorded, their food habits and their specific habitat in the rice ecosystem is provided in Appendix 1.
Of the terrestrial arthropods documented, eight taxa consisting of one insect species and seven spider species are new records for Sri Lanka. The newly recorded insect is Brachystegus decoratus (Turner) (Hymenoptera: Sphecidae), while the spiders included the two species, Tetragnatha javana (Thorell), Tetragnatha nitens (Audouin) and five species belonging to the genera Dyschiriognatha., Steatoda, Gnathonarium, Arctosa, and Thanatus. Of the total arthropods recorded, the three species of water surface dwelling heteropterans; Microvelia douglasi, Mesovelia spp. and Hydrometra greenii, were confined to the rice habitat during the aquatic phase, while 74 species were exclusively confined to the vegetation on the non-rice, bund habitat. These consisted mainly of lepidopterans belonging to the families Papilionidae, Nymphalidae, Lycaenidae and Pieridae and hymenopterans belonging to the Family Apidae.
Taxonomic composition of terrestrial arthropods
Majority of the insect species documented from the rice field belonged to the Order Hymenoptera (81 species in 26 families), dominated by bees and ants (Fig.1) . The second largest insect order recorded was Lepidoptera consist of 58 species, in seven families, dominated by the Family Nymphalidae (24 spp.). Coleoptera was the third largest insect order, with 40 species in eight families. Carabids (18 spp.) were dominant among the Coleoptera. Orders Homoptera and Heteroptera together included 38 species in 17 families. The homopterans were dominated by the Family Cicadellidae (10 spp.), while the heteropterans were dominated by the Family Pentatomidae (seven spp.). In Order Diptera, of the 21 species in 11 families, Tabanidae (five spp.) was the dominant family. The Odonata included 19 species in five families, dominated by the Family Libellulidae (nine spp.). The Orthoptera included 10 species in four families, where the Acrididae (six spp.) was the dominant family. The Collembola included four species, in three families. The Orders Strepsiptera, Thysanoptera and Mantodea included two species each. The remaining five insect Orders (Dermaptera, Phasmatoidea, Blattoidea, Neuroptera and Isoptera) included one species each. The arachnids consisted of 59 species of Araneae (spiders) in 13 families and one species of Acari (mites). Amongst the spiders, Family Araneidae had the highest number of species (12), closely followed by the Family Tetragnathidae (11 spp.).
Terrestrial arthropod guilds
Terrestrial arthropods recorded from the rice ecosystem were assigned to guilds based on food habits of the species. Accordingly, five arthropod guilds were identified. Majority were predators (149 spp.) (Table 1 and Appendix 1), where spiders were the dominant predatory group with 59 species followed by Coleoptera and Hymenoptera, each with 25 species and Odonata with 19 species. Of the 130 species of phytophagous insects recorded, the majority (76 spp.) were visitors and insects associated with weeds in the rice field. The phytophagous guild was dominated by Lepidoptera (50 spp.) followed by Hymenoptera with 15 bees species. The remaining phytophagous insects comprised 55 species of rice pests represented by sap feeders, leaf feeders, stem feeders and root feeders (Table  1) . Homopterans (14 spp.) were the dominant phytophagous pest group, closely followed by heteropteran pests (10 spp.). The parasitoid guild comprising 46 species of insects was dominated by hymenopterans (40 spp.). The scavenger/decomposer guild contained the fewest number of species (16 spp.), dominated by the Order Diptera (10 spp.), followed by Collembola (four spp.). The overall species composition reflects a high richness of arthropod natural enemies (predators and parasitoids) in relation to the rice insect pests, where the natural enemy to pest ratio is 3.5:1. A majority of the parasitoids recorded attack rice insect pests. 
Relative abundance of arthropods in different guilds
Rice habitat: Based on Blower-vac sample counts, the relative abundance of arthropod species in different guilds was calculated. Abundance of phytophagous rice pests was higher than that of the predators, constituting about one third of all arthropods in each guild (Table 2) . Homoptera was the dominant group of phytophagous pests, followed by Diptera. The relative composition of Homoptera was higher during the Maha cycle than Yala cycle. Among the predators, spiders were the most abundant group, constituting more than half of the predators. Coleopterans were the second most abundant predatory group. Predatory orthopterans showed a considerable increase in relative abundance during the Maha cycle. The next most abundant guild was the scavengers, dominated by the Collembola. The relative abundance of scavengers was lower during the Maha cycle than the Yala cycle. In the parasitoid guild, similar relative abundance levels were recorded during both Yala and Maha cycles. The phytophage visitor guild in the rice habitat was the least abundant arthropod guild.
Among the phytophagous pests, the Homoptera were generally dominated by the Family Cicadellidae (Table 3 ). The abundance of delphacids showed a considerable increase during the Maha cycle. Among the cicadellids, the green leafhoppers (Nephotettix spp.) were the predominant species, while the delphacids were dominated by the white-backed plant hopper (Sogatella furcifera). Spiders which formed the major predatory group were dominated by the Family Therididae, constituting more than half the spiders. The abundance of the mirid bug Cyrtorhinus lividipennis, which is known to prey upon the eggs and nymphs of Homopteran pests (especially the delphacids), showed a considerable increase during the Maha cycle (Table 3 ). The parasitoids were dominated by the hymenopteran Family Mymaridae. The trichogrammatids on the other hand showed a considerable increase during the Maha cycle. 
(±4.0)
82.1 (±7.7) 17.9 (±7.7) n=number of samples Non-rice bund habitats: Vegetation in the nonrice habitat or the field bunds was sampled for arthropods using the sweep net. Based on per sample counts (Mean ± SE in 20 sweeps) of arthropods, the abundance of both phytophagous pests and predators was found to be similar in the bunds (Table 4) . Orthoptera and Heteroptera were the dominant phytophagous pests, followed by Homoptera. Heteroptera showed a considerable increase in abundance during the Maha cycle. The predators were dominated by Araneae and Odonata (Table 4) . Phytophage visitors were dominated by Heteroptera, followed by Hymenoptera. The parasitoids were dominated by Hymenoptera. The scavengers collected in the sweep nets were low in numbers, and consisted only of Diptera.
Of the heteropteran pests of rice, Leptocorisa oratorius was the most abundant species (Table  5) . Homoptera were dominated by Cicadellidae. Among the spiders in bunds, Families Tetragnathidae and Oxyopidae were the most abundant groups. Of the other common predatory groups in the field bunds, Odonata were dominated by the damselflies belonging to the Family Coenagrionidae, while the Coleoptera were dominated by Coccinellidae. Hymenopteran parasitoids in the bunds were dominated by the Family Braconidae, followed by Chalcididae and Ichneumonidae. Dynamics of arthropod guilds in relation to growth stage of rice plant Rice habitat: Abundance patterns of pests and predators followed a general trend during both cycles (Fig. 2) . During the early vegetative stage of the crop, abundance of phytophagous pests was relatively higher than that of predators. The opposite trend was observed during the grain ripening stage where predator density was higher than pest density. Abundance of phytophagous pests increased rapidly and reached a peak between 25-45 days after transplanting (DAT). The predator built up was gradual and reached a peak between 90-120 DAT. The pattern of fluctuation of predators and parasitoids was similar, but at a lower abundance level. Parasitoid and predator abundance increased following an increase in phytophagous pests.
Application of an insecticide during the grain ripening stage in the Maha cycle resulted in a decrease in the abundance of phytophagous pests, predators and parasitoids. Thereafter, the number of pests increased faster than the natural enemies. Application of a weedicide in the Maha cycle resulted in a decline in the abundance of predators and parasitoids, but the phytophagous pests were not affected. With the harvest of the crop and the onset of the fallow period, phytophagous pests as well as their natural enemies declined in abundance.
The population of Collembola reached peak levels at a very early stage of a cycle, between 5-20 DAT (Fig. 3) . Although a reduction in their density was observed after the early peak, their populations built up gradually with the progress of the crop cycle. However, with the application of weedicides and insecticides their density was reduced considerably. With the harvest of the crop, the density of collembolans was drastically reduced. 
Non-rice bund habitat:
In the bunds, arthropods were sampled using the sweep net. The trends in abundance patterns of phytophagous pests, predators and parasitoids in the field bunds (Fig. 4) were similar to those in the field proper. The densities of predators and parasitoids were found to fluctuate with the density of pests. The density of phytophagous pests was relatively higher than that of predators. Partial and intense slashing of the weed cover in bunds during the vegetative and mature stages of the rice crop resulted in a reduction in density of pests, predator and parasitoids. Intense slashing of weeds affected the predators more drastically than the pests.
Relationships among arthropod guilds
The density of predators recorded from the rice habitat correlated positively and significantly (P<0.05) with the density of pests (Table 6 ). The parasitoid density in the rice habitat also showed a highly significant (P<0.01) positive correlation with pest density. The predators recorded from the non-rice bund habitats also showed a highly significant (P<0.01) positive correlation with pest density in bunds.
Terrestrial arthropod diversity Spatial and temporal variation in arthropod species richness and diversity
The arthropod species richness and diversity was determined separately for the rice habitat and the non-rice habitat in order to examine their independent contributions. Furthermore, changes in these two parameters with time i.e., with the progress of the cultivation cycle and the growth of the rice plant was determined.
Rice habitat:
The species richness diversity of terrestrial arthropods increased gradually with crop age in the Yala cultivation where pesticides were not applied after transplanting (Fig. 5) . However, in the Maha cultivation, species richness and diversity were reduced after the application of a weedicide and an insecticide (Fig. 5) . Following the harvest of the crop, terrestrial arthropods declined rapidly. The mean species diversity (H') of terrestrial arthropods at the four major phenological stages of the rice crop, namely the vegetative stage, reproductive stage, ripening stage and at harvest (fallow period) were significantly different (P<0.05) ( Table 7 ). The highest diversity was recorded during the reproductive or grain ripening stages. However, the mean species diversity (H') and species richness (N 0 ) were not significantly different (P>0.05) between the two seasons.
Non-rice bund habitat:
The species richness and diversity showed a marked reduction following partial and intense slashing of weed cover in bunds (Fig.6 ) and during the fallow period. As in the field proper, the mean species diversity (H') and species richness (N 0 ) in the field bunds, were not significantly different (P>0.05) between the two consecutive cycles. Predator / Pest 0.6** *(P<0.05); **(P<0.01). 
Arthropod diversity in relation to crop phenology and weed cover
Using data from blower-vac and sweep net sampling obtained during Yala and Maha cycles, the relationship between terrestrial arthropod diversity (H') with crop age (DAT), rice plant height (m) and % weed cover in bunds were determined.. The mean height of the rice plants ranged from 0.18 m (at transplant) to 1.3 m (at harvest), depending on the rice cultivar. The weed cover in bunds during the sampling period ranged from a few scattered seedlings (score = 1) at the beginning of each cultivation cycle, to a dense cover (score = 5) towards the mature stage of the rice crop. Slashing of weeds in the bunds during the mid and latter stages of each cycle resulted in a reduction of the weed cover (score = 1-2). The diversity of terrestrial arthropods in the field proper showed a highly significant positive relationship with crop age (P<0.01) and rice plant height (P<0.01). Correlation coefficients obtained indicated that 75% of the variation in arthropod diversity was attributed to crop age (Fig. 7) while the rice plant height alone accounted for 54% of the variation in arthropod diversity (Fig. 8) . The diversity of arthropods in the field bunds was significantly related to the weed cover in bunds, where a polynomial model, while being significant (P<0.05), accounted for only 30% of the variation in arthropod diversity (Fig. 9) . 
DISCUSSION
This study highlights the richness of the terrestrial arthropod fauna associated with an irrigated rice field ecosystem in Sri Lanka. The terrestrial arthropod fauna comprising 342 species recorded during the present study is higher than that documented by Heong et al., (1991) from rice fields in the Philippines, where a total of 212 species were recorded. Furthermore, the arthropod fauna documented included eight taxa (1 wasp and 7 spiders) previously not recorded from Sri Lanka, but recorded from other South-East Asian countries. The wasp Brachystegus decoratus Turner has been recorded from India (Krombein, 1998) , while the spiders have been recorded from rice fields in Philippines (Barrion and Litsinger, 1995) . The study also reflects the importance and the role of one single group of insects; the Order Hymenoptera with the largest number of species represented almost entirely by beneficial insects including natural enemies of paddy pest insects and pollinators. The richness of the predatory spider fauna inhabiting the rice fields is evident from their species composition, abundance and distribution within the rice ecosystem.
The guild structure of the arthropod fauna further emphasizes the importance of the predators (149 spp.) and parasitoids (46 spp.) that outnumbered the phytophagous rice pests (55 spp.). Thus, the natural enemies accounted for nearly 60% of all the terrestrial arthropod taxa collected. The composition of the rice field arthropod fauna, while highlighting the high biodiversity in a monoculture crop, confirms the long term stability of the rice agroecosystem with respect to pests and natural enemies. As is evident from the present study, the significant positive relationships between the pest insects and their natural enemies (predators and parasitoids) exhibit the natural balance that exists among arthropod guilds in the rice field ecosystem. A high species richness among arthropod natural enemies in rice ecosystems has been observed by previous researchers as well (Heong et al., 1991; Ooi and Shepard, 1994; Settle et al., 1996) . In contrast to the relative paucity of natural enemies in irrigated rice fields of temperate countries (Perfect and Cook, 1994; Heong et al., 1991) , the rich composition of arthropod predators and parasitoids of rice insect pests in tropical rice fields highlights the potential of natural biological control in such areas.
The spiders constituting the dominant predators inhabit the different strata of the rice plants and weeds, as well as the ground surface. They are considered important predators of the rice insect pests, especially of plant and leafhopper pests of rice (Ooi and Shepard, 1994) . The bund weed cover provided an additional habitat to the terrestrial arthropod fauna in the rice fields. Bund weeds are inhabited by many species of predatory spiders and coccinellid beetles, while the tall weeds in particular provide resting sites for predatory Odonata. Importance of the bund weed cover was further confirmed by the significant relationships obtained between insect pests and their predators in bunds. Previous researchers have clearly stressed the importance of investigating the weed cover on rice field bunds, as reservoirs of natural enemies (Ooi and Shepard, 1994) , especially for early arriving species such as spiders (Way and Heong, 1994) . Thus, the results of the present study show that the weed cover on bunds provides suitable habitats for the survival of predators, and functions as a reservoir of natural enemies, especially during the fallow period. Since some weed species in bunds also provide a reservoir of alternate hosts for insect pests, proper management of weed cover in bunds may enhance control of pests, while promoting natural enemies. Partial slashing of weeds, as opposed to intense slashing, would enable preservation of predator habitats.
The phytophagous pest guild was represented and dominated by four major homopteran sap feeding pest species of rice, which cause direct damage to the rice plant, and are potential vectors of a variety of rice viral diseases. Amongst them, the brown planthopper (BPH), Nilaparvata lugens is known to cause major crop losses in rice growing regions of the world (Dyck and Thomas, 1979) , including South India and Sri Lanka, where most virulent populations are found (Heong and Sogawa, 1994) . The co-occurring white-backed plant hopper (WBPH), Sogatella furcifera, is also an important sap sucking pest (Kiritani, 1979) . The green leafhoppers, Nephotettix virescens and N. nigropictus are known to transmit the virus which causes tungro disease of rice (Thresh, 1989) . Amongst the sap feeding heteropteran pests inhabiting the field bunds, the dominance of the rice bug Leptocorisa oratorius could be attributed to the abundance of numerous graminaceous weeds (such as Echinochloa spp., Dactyloctenium aegyptium, Panicum repens and Eleusine indica ) which are known to act as alternate hosts of this pest (Rajapakse, 1996) .
The existence of a natural balance between rice insect pests and their natural enemy guilds was clearly evident during the Yala cycle, where no pesticides were applied after transplanting. This aspect was further evident from the seasonal abundance of major rice insect pests and their specific arthropod natural enemies recorded during this study. For instance, Heong et al., (1990) reported that the mirid bug Cyrtorhinus lividipennis was found to predate on the eggs and nymphs of both leafhoppers and plant hoppers preferring mainly BPH eggs. Similarly, the trichogrammatid wasp Oligosita sp., has been documented as an important egg parasitoid of delphacids (Shepard et al., 1987) . Hence, as observed during the Maha cycle, the increase in the population density of C. lividipennis and Oligosita sp. may be attributed to an increase in the abundance of the BPH and WBPH.
As the dominant group of scavengers in the rice fields, the Collembola are of potential interest as they are known to be an important source of prey for polyphagous predators (Alvarez et al., 1997) . The presence of decaying organic matter, especially during the initial and later stages of a cultivation cycle enables the springtails to thrive in rice fields. They also were the dominant group of scavengers in the rice fields of the Philippines (Heong et al., 1991) . Mukharji and Gupta (1971) recorded 12 species of Collembola from the rice fields in Varanasi, India that included three species documented during the present study. These authors also found that the springtails are more abundant in moist rice soil rich in organic matter as was observed during the present study. The marked decrease in the abundance of Collembola in the rice fields soon after pesticide applications indicates their potential as an important bio-indicator of pesticide usage. These findings support the work of Frampton (1997) , who documented the potential of epigeic Collembola as indicators of pesticide side-effects in arable ecosystems.
The colonisation and succession of major arthropod taxa in the rice field habitat was observed to follow a uniform pattern in relation to the growth stages of the rice crop as well as the different phases of the rice field (Table 8 ). The early colonisation and build up of arthropod communities observed in the rice field proper were similar to those recorded by Heong et al., (1991) , and Schoenly et al., (1996) , where pest phytophages increased in numbers faster than predators and parasitoids, and where predators arrived faster than parasitoids. The dominance of predators during the ripening stage of the crop can be attributed to an increase in their spatial habitat in relation to the rice plant architecture as well as to an abundance of their prey. During the grain ripening stage, the thick growth of the rice plant provides innumerable niches for predatory spiders. Draining of the fields during the same period also creates new habitats by exposing the soil surface for spiders, ants and carabid beetles to colonise. Harvesting of the rice crop reduced or removed the vegetation inhabited by arthropods, resulting in a reduction in their populations.
The sustenance of the rich rice field arthropod communities amidst very dynamic short term changes in this man made ecosystem reflects the long term coexistence of the flora and fauna. This has been brought about by adaptations geared to rapid colonization and exploitation of available niches in the short term and the ability to sustain small populations in the long term under not so favourable conditions. The rice fields are a unique ecosystem in this respect.
The effect of pesticide use on rice insect pest populations and their natural enemies were clearly evident from this study. Compared to the predators, the faster recovery of insect pest populations after a pesticide induced reduction suggests that pesticides cause substantially higher mortality to predators than to pests. Spiders were found to be the major group of predators adversely affected by pesticide use. The reduction of arthropod natural enemies and the resurgence of pest insects due to indiscriminate pesticide use has been emphasized by many researchers (Kiritani, 1979; Pingali and Roger,1995; Pingali and Gerpacio, 1997; Chelliah and Bharathi, 1994) . The systemic insecticide carbofuran that was applied to the nursery during each cultivation cycle is a commonly used insecticide in rice cultivations throughout Sri Lanka. Khusakul et al., (1979) found carbofuran to be very effective in controlling rice stemborers without effecting hymenopteran parasitoids. However, populations of predatory spiders such as Tetragnatha spp., Oxyopes spp., Pardosa pseudoannulata, the mirid bug Cyrtorhinus lividippennis and damselflies were severely reduced. Lam and Soon (1994) observed a significant reduction in the populations of predatory coccinellid beetles (Micraspis spp.), C. lividipennis and a variety of spider species in rice fields, following the application of insecticides, where a 90% reduction in populations was recorded 3 -5 days after application. Heong et al., (1991) stated that besides the immediate environment, cropping patterns and cultivation practices, arthropod communities may vary with the rice varieties planted. However, during the present study, the influence of different rice varieties on the diversity of arthropods during two consecutive rice cultivation cycles was not evident. The changes in the arthropod community in a rice field appears to be largely governed by ecological changes that are thrust upon the rice ecosystem by the agronomic practices essential to rice cultivation.
In conclusion, the study highlights the fact that the composition and structure of the arthropod communities in a rice ecosystem are characterized by (1) a high turn over of species (2) rapid waves of colonization (3) presence of species well adapted to specific niches (4) presence of species tolerant to short lived, but drastic physical changes in the rice field and (5) species that are specific to a particular growth stage of the rice plant or particular phase of the rice field. The findings also highlight the existence of stable relationships between the rice insect pests and their arthropod natural enemies, under minimal biocide application. The populations of arthropod natural enemies in rice fields could be conserved and enhanced through the maintenance of a rich weed flora during the fallow period, management of weed communities on the bunds through partial slashing, and by minimal use of biocides when needed, to avoid economic damage by specific insect pests. Natural biological control which maintains the diversity and integrity of this manmade agro-ecosystem should be given prime importance in deciding environmentally safe and effective integrated pest management strategies. The role of biodiversity in the dynamics and management of insect pests of rice highlighted by Way and Heong (1994) is further substantiated by the present study.
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